Employed individuals in the U.S. are increasingly more likely to move to involuntarily part-time work than to unemployment. Spells of involuntary part-time work are different from unemployment spells: a full-time worker who takes on a part-time job suffers an earnings loss while remaining employed, and is unlikely to receive income compensation from publicly provided insurance programs. We analyze these differences through the lens of an incomplete-market, job-search model featuring unemployment risk alongside an additional risk of involuntary part-time employment. A calibration of the model consistent with U.S. institutions and labour market dynamics shows that involuntary parttime work generates lower welfare losses relative to unemployment. This finding relies critically on the much higher probability to return to full-time employment from part-time work. We interpret it as a premium in access to full-time work faced by involuntary part-time workers, and use our model to tabulate its value in consumption-equivalent units.
Introduction
Labour market participants are subject to the risks of unemployment and involuntary part-time work. 1 While the welfare costs of unemployment, and the benefits of introducing public insurance programs against it, have been the subject of a vast literature, little is known about how involuntary part-time employment affects workers' welfare. The evolution of the United States' (U.S.) labour market over the past decade has generated great interest in this topic among policymakers and scholars. In her 2014 address to the annual Jackson Hole Conference, Federal Reserve Chair Janet Yellen listed involuntary part-time work among the top labour market "surprises" worth worrying about (Yellen, 2014) . Research by economists at the Federal Reserve suggests that the unusually elevated levels of involuntary part-time employment observed over the past years are partly explained by structural changes 1 In U.S. statistics individuals are in involuntary part-time employment if they work part-time (viz. less than 35 weekly hours) and either cannot find a full-time job or face slack demand conditions in their current job. This labour market state is also referred to as part-time for economic reasons.
in the U.S. labour market (see Valletta and Bengali, 2013; Canon et al., 2014; Cajner et al., 2014; Valletta et al., 2015) . Recently, Borowczyk-Martins and Lalé (2016b) document that the probability to work part-time involuntarily faced by employed individuals has increased during the past four decades, in absolute terms and even more so relative to the probability of becoming unemployed. In face of these facts, a natural question to ask is: how bad are spells of involuntary part-time work compared to unemployment spells?
In this paper we provide an answer to that question by means of a quantitative model, which we specify and calibrate to reflect the main features of the U.S. labour market and of existing public insurance programs against those risks. We start by making a stylized characterization of involuntary part-time work based on labour force survey data. We find, on the one hand, that involuntary parttime work and unemployment affect labour market participants with similar characteristics (full-time workers with strong labour force attachment) and by similar channels (both entail a loss of income relative to full-time employment earnings). On the other hand, in addition to differences in working hours, a key difference between them is that involuntary part-time workers are quickly brought back to full-time employment while staying in the same job, thereby avoiding the uncertainty and costs of job search. To interpret those differences, we develop a model describing the decision problem of a worker with preferences over consumption and leisure, who exerts search effort to generate job offers, and saves in the presence of incomplete markets and borrowing constraints. This allows us to focus on the key channels by which involuntary part-time work and unemployment affect workers' welfare: (i) exposure to different job destruction and reallocation risks, (ii) the expected income loss taking into account the availability (or not) of public income insurance against it, and (iii) the ability to allocate time between work, search and leisure. We anchor the model to standard preferences and parameters capturing the dynamics and institutions of the U.S. labour market. To help calibrate the income loss suffered by involuntary part-time workers, we produce new empirical evidence on how the features of the main U.S. income insurance programs affect individuals in involuntary part-time work. We find that the earnings losses experienced by full-time workers who become employed part-time involuntarily are seldom covered by partial Unemployment Insurance and Short-Time Compensation schemes, and that other income insurance programs, such as the Earned Income Tax Credit, do not cover a large fraction of involuntary part-time workers. 2 To calibrate the parameters that determine the costs of job search, we use the optimality condition that relates them to the job-finding rate. We validate our calibration in two ways. First, the model captures the notion of part-time employment and unemployment as involuntary labour market states. Second, accumulated assets are depleted during spells of involuntary part-time work and unemployment, and the predicted consumption losses experienced during unemployment spells are consistent with existing empirical evidence.
In the absence of public income insurance, the income flow of involuntary part-time workers is similar to that of the uninsured unemployed. Since spells of involuntary part-time work are shorter, a back-of-the-envelope calculation suggests the worker is worse off in unemployment. The key question, however, is how much worse off she is, and what accounts for the bulk of that difference. We quantify these short-run welfare losses by simulating shocks that force full-time workers into either involuntary part-time work or unemployment. We find that those workers would need to be compensated in 8% (23%) of their consumption during the first quarter of a spell of involuntary part-time employment to be equally well-off in insured (uninsured) unemployment. We also use our model to decompose this difference into three components: differences in labour earnings, a differential access to full-time work (which occurs only through search effort when unemployed) and the constraint in hours allocated to market activities (which is only active in involuntary part-time work). We show that the second component, the high transition rate at which part-time workers return to full-time employment, accounts for a large share of the welfare gap between involuntary part-time work and unemployment. We refer to this differential as the premium in access to full-time work faced by involuntary part-time workers, and estimate that it is worth 6 to 9% of consumption during the first quarter of a part-time employment spell.
Like unemployment, the risk of involuntary part-time work is strongly cyclical: in recessions, workers face a much higher probability to move from full-time to involuntary part-time work and a lower probability to do the reverse transition. This observation motivates us to calculate the welfare losses due to cyclical fluctuations in the risk of involuntary part-time work. We follow the approach first proposed by Lucas (1987) , and that is commonly employed in the heterogeneous-agent incomplete-market literature to quantify the welfare costs of income fluctuations arising from the cyclicality of unemployment risk. After introducing business-cycle shocks in our framework, we find that cyclical fluctuations in involuntary part-time risk generate welfare losses around one-tenth of a percentage point in consumption equivalents. Furthermore, these losses amount to one-sixth of a percentage point when we inform our model with parameters reflecting the aftermath of the Great Recession, when involuntary part-time work was higher. Compared to the costs of unemployment fluctuations found in the literature, these numbers are much smaller, which dovetails well with the findings obtained in our baseline framework.
As highlighted in the opening paragraph, involuntary part-time work is becoming an important risk in the U.S. labour market when measured in terms of transition probabilities. Our main contribution is to go beyond this descriptive evidence by combining different data sources (on labour market dynamics, income differences and U.S. labour market institutions) and a dynamic, optimizing framework to assess the implications of this risk for consumption, leisure and welfare. Consistent with the data sources that inform our characterization of involuntary part-time work (worker-level data covering individuals over short labour market spells), we focus on its short-run welfare implications and abstract from its broader macroeconomic consequences. We see our study as groundwork for a general-equilibrium analysis of involuntary part-time employment under incomplete insurance markets and frictions in the labour market.
The remainder of the paper unfolds as follows. In Section 2 we offer a succinct characterization of involuntary part-time employment and provide evidence on the degree of public insurance provided to individuals in this labour market state. Section 3 presents the quantitative framework. Section 4 describes how we parametrize it in line with the relevant features of the U.S. labour market. The numerical experiments used to assess the welfare effects of involuntary part-time work are performed in Section 5. Section 6 discusses our main findings and concludes. A host of additional information is provided in an online appendix.
Facts
In this section we present some facts on involuntary part-time employment in the U.S. labour market. The aim is to provide a stylized characterization of this labour market risk from the worker's perspective and to motivate the modelling approach developed in Section 3. We first review what we call "labour market facts". Then, we analyze U.S. public income insurance programs that potentially cover involuntary part-time workers.
Labour market facts
We organize the description of the labour market facts around three main assertions and report evidence to substantiate each of its predicates.
1. Individuals who are commonly affected by involuntary part-time work are very alike the unemployed:
1.1 they have similar demographic characteristics, 1.2 and their short-run labour market histories reveal a close interaction with full-time employment.
2. Qualitatively, the risk of involuntary part-time work shares essential features with unemployment:
2.1 it involves a constraint in desired labour supply, 2.2 it is transitory, 2.3 and it entails a substantial loss of income relative to full-time employment.
3. Quantitatively, the risks of involuntary part-time work and unemployment differ along the following dimensions:
3.1 involuntary part-time workers are actually working, 3.2 they face a high probability to return to full-time employment at their current employer, 3.3 but their income losses relative to full-time earnings are seldom compensated by a public insurance program.
We refer the reader to the online appendix for the full details of the calculations mentioned below. Unless otherwise stated, these are based on data from the monthly files of the Current Population Survey (CPS) from 1994 onwards.
Fact 1.1 In the CPS, one can distinguish between involuntary and voluntary forms of part-time employment. 3 Involuntary part-time workers are strikingly dissimilar to voluntary part-time workers across different dimensions of observed worker heterogeneity (gender, age, education and marital status). On the other hand, they are similar to the unemployed along those categories, especially so when we compare them to the unemployed with higher labour force attachment. 4 Fact 1.2 The short-run labour market histories of unemployed and involuntary part-time workers reveal a strong connection with full-time employment. Full-time employment is the most relevant state of origin and destination for involuntary part-time workers: on average, 29.6% of them were employed full-time in the previous month, and a similar fraction (28.9%) will enter a full-time job next month. Like involuntary part-timers, the unemployed are more likely to have been or become full-time employed respectively in the previous and following month (18.3% and 15.8%).
Fact 2.1 The Bureau of Labor Statistics classifies part-time employment (less than 35 weekly hours; cf. footnote 1) as involuntary if the worker either cannot find a full-time job or faces slack business-related conditions in her current job. Since 1994, the CPS requires those individuals to report in addition that they want and are available for full-time work. One way to interpret this definition is that it captures a class of part-time workers that are partially unemployed; like (fully) unemployed workers, they are unable to work at their desired level of employment.
Fact 2.2 The transitory nature of both involuntary part-time work and unemployment is evidenced in the elevated probability experienced by workers in those two states to leave to a different labour market state. Using a stock-flow accounting framework, we estimate the average probability to leave involuntary part-time employment/unemployment at respectively 56.4% and 33.1% over a time horizon of one month. 5 Fact 2.3 On average, moving from full-time to involuntary part-time employment entails a labour income loss due to a reduction in paid hours of about 50%. In addition, after controlling for differences in job and worker characteristics, involuntary part-time workers earn, on average, a hourly wage that is between 11% (women) and 20% (men) lower than that of full-time workers.
Fact 3.1 This is the flip side of Fact 2.1: involuntary part-time workers are underemployed, but they are not unemployed. In the CPS Outgoing Rotation Group samples, we find that workers in involuntary part-time employment work on average 24 hours per week, which compares to 43.7 hours for full-time workers.
Fact 3.2 Since 1994 the CPS allows one to identify employment transitions that occur across different employers. Using this information we find that the vast majority (90.4%) of transitions between involuntary part-time work and full-time employment occur at the same employer. The reverse transitions also occur overwhelming at the same employer. 
U.S. institutions and policies
In this section we argue that involuntary part-time workers are covered by public income insurance in a restrictive set of circumstances, and in practice benefit little from the programs for which they are potentially eligible. This assessment follows from analyzing eligibility rules and data on takeup rates and amounts paid to involuntary part-time workers under Partial Unemployment Insurance, Short-time Compensation Schemes and the Earned Income Tax Credit. 6 2.2.1 Partial unemployment insurance All U.S. states offer some form of partial unemployment insurance (UI) benefits. This program is part of states' UI system and aims to provide income insurance to individuals who are either part-time employed but looking for a full-time job, or individuals in short-time work. The basic eligibility requirements are the same as those for (full-time) UI: workers must search and be available for full-time work, have accumulated enough employment in the past and be unemployed (partially or fully) at the time of the claim due to no fault of their own. Additional requirements vary by state. In most states, eligible individuals must work less than a full-time workweek and earn below their weekly benefit amount (WBA) plus some disregard amount. The WBA is the amount of weekly unemployment benefits the individual is entitled to if she is fully unemployed.
The partially unemployed worker's benefits are calculated differently in each state, but usually correspond to the difference between the WBA and the labour income earned in excess of the disregard level. 7 While the description above may suggest that partial UI is an effective insurance mechanism for individuals who undergo spells of involuntary part-time work, in practice this does not seem to be the case. To illustrate this, we estimate the UI amounts (in dollars) paid monthly per unemployed and involuntary part-time worker (reported in Figure 1 ). The dashed line denotes the amount paid per unemployed and it averages 315 dollars over the sample period. The solid line depicts the amount paid per involuntary part-time worker, which is much lower: the average over the period is 18 dollars. It is also clear that its cyclical component is considerably less salient compared to the dashed line. These observations suggest that, albeit indirectly, the coverage provided by partial UI is limited (both in normal times and during economic downturns) and that involuntary part-time workers receive little income from this program.
Short-time compensation schemes
A number of states in the U.S. run short-time compensation (STC) schemes (also known as work-sharing plans). Under this program workers whose employers obtain approval from the UI agency to implement a work-sharing plan are entitled to UI benefits. The amount of benefits is prorated based on the reduction in hours. Thus, while partial UI formulas are based on workers' earnings, STC rules are based on hours worked. STC schemes may be used for workers whose hours have been reduced by between 10% and a maximum determined by state law, which has to be below 60%. The maximum duration for benefit reception is between six and twelve months, and they have a similar effect on employers' tax rates as unemployment benefits paid to laid-off workers. 8 In practice, the scope of income insurance provided by STC schemes in the U.S. context is quite limited. We ground this statement on the ratio of the number of STC claims to the number of involuntary part-time workers, which we estimate for the 17 states that have run STC programs. As shown in Figure 2 , this ratio is remarkably low, at 0.01 on average over the sample period. To provide a basis for comparison, we compute the ratio of UI claims to the number of unemployed individuals in states with STC schemes. Table 1 shows that, even in states with low take-up rates, the ratio of UI claims to the number of unemployed individuals is much higher than the ratio in Figure 2 . In fact, the average ratio of UI claims to the number of unemployed workers in those 17 states is 0.34. It is worth noting that those 17 states account, on average, for 44% of the working-age population over the sample period. The earned income tax credit The earned income tax credit (EITC) is an in-work benefit program that provides income support to individuals based on their income and their family's structure and income (see Nichols and Rothstein, 2016 and references therein) . Eligibility is determined by the presence of qualifying children in the household, positive labour earnings below a certain threshold (for example, 50,000 dollars per year for a family with two children) and a maximum threshold of non-labour income (which is lower than the labour income threshold). For future reference, it is also useful to note that single parents with no children are unlikely to receive any or very small amounts, and families without children receive much lower benefits (Nichols and Rothstein, 2016) .
After constructing estimates of individuals eligible for EITC based on family structure and income (reported in Figure 3 ), we find that the fraction of involuntary part-time workers who are potentially eligible is only 0.08 on average. Due to differences in demographic characteristics, the corresponding number for the whole labour force (not shown) is slightly higher at 0.11. Both figures are consistent with the actual coverage of the EITC. As is the case with partial UI and STC schemes, it is thus unlikely that involuntary part-time workers benefit from partial income insurance by the EITC.
Model
We develop a framework that has two pillars: an incomplete-market model and a job-search model. The former is commonly used to assess the implications of imperfect insurance against the risk of unemployment (see e.g. Hansen andİmrohoroglu, 1992 and Abdulkadiroglu et al., 2002) . 9 The addition of job search to that model is similar to the one proposed by Acemoglu and Shimer (2000) . In the resulting framework, we are only interested in the worker's decision problem. Hence, we keep all prices (interest rates, wages, etc.) exogenous and fixed. In addition to facing incomplete insurance markets, workers cannot receive insurance through, e.g., efficient wage contracts.
Environment
3.1.1 Preferences The worker is risk-averse and infinitely-lived. Her momentary utility function depends on consumption and leisure. She maximizes:
(1) E 0 denotes the expectation operator conditional on information at time 0, β the subjective discount factor, σ the coefficient of relative risk aversion, η the relative value of leisure and h the time endowment. The worker chooses consumption c t and the amount of time allocated to market activities h t . Therefore leisure time is the remainder h − h t .
Hours, wages and search
The worker is either employed or unemployed. There are two types of jobs: part-time (P) and full-time (F), both of which consist of an exogenous bundle of wages and hours of work (w i , h i ), with i ∈ {P, F} indicating the job type. Notice that we do not assume that part-time work is involuntary. Rather, the involuntary nature of part-time work will be implied by our choice of parameter values. 10 The worker can search both on and off the job. h hours of search effort generate a work opportunity with probability λ h. She selects hours of search effort in the interval 0,h , when unemployed, and in the interval 0,h − h i , when employed. 11 A fraction φ P of work opportunities are part-time jobs, and the worker can decide to turn down any job offer.
Exogenous reallocation
In employment (F, P), the worker is subject to exogenous job destruction and reallocation shocks governed by the following transition matrix:
The probabilities π i, j give a lower bound on the transitions between states i and j, since in addition there are endogenous transitions across employment states coming from search and quit decisions. 12
3.1.4 Insurance There are two sources of insurance against idiosyncratic labour market risks. First, there is private insurance through a risk-free asset a which the worker can save but cannot borrow. The maximization of (1) is thus subject to a sequence of budget constraints:
with a denoting the asset, x d disposable earnings and r the interest rate, which is exogenous. 13 Second, there is public insurance against the risk of becoming unemployed: when the job is destroyed by the shocks π P,U or π F,U , the worker can collect unemployment benefits θ 1 . These benefits expire with probability φ U and they can be regained only through a spell of employment. If benefits are exhausted, she receives social assistance benefits θ 0 < θ 1 . Finally, the worker cannot quit to receive unemployment benefits. In particular, when a full-time position is transformed into a part-time one (which occurs with probability π F,P ), the worker can only choose between working part-time or moving to social assistance. 14
Recursive formulation
The decision problem of the worker can be formulated in recursive form. Hereafter, W i denotes the value of being employed in a job i ∈ {P, F}; U 1 is the value of being unemployed and collecting unemployment benefits; U 0 is the value of being unemployed and collecting social assistance benefits.
Beginning with the value functions in employment, these solve:
is the value of being employed in a job i ∈ {P, F} by the end of the model period.
In unemployment, we index the value functions by j ∈ {0, 1} to write the Bellman equations as:
giving the end-of-period value functions of the worker during unemployment.
The above set of Bellman equations delivers three types of decisions. First, there are decision rules for asset holdings a P (a), a F (a) associated with equations (4), and a U 0 (a), a U 1 (a) associated with equations (5) (notice that both (4) and (5) describe two equations). Second, there are decision rules for search effort h P (a), h F (a) associated with equations (4), and h U 0 (a), h U 1 (a) associated with equations (5). Finally, there are work decisions associated with the comparison of value functions in employment and unemployment. That is,
for all i ∈ {P, F} and j ∈ {0, 1}, and ε F,P (a) = 1{W F (a) > W P (a)}
(1 {.} is the indicator function). Notice that in (6) and (7) there is no uncertainty about labour market status if the worker decides not to accept the job opportunity, since we assume that job destruction and exhaustion of benefits occur before the end of the model period. This is consistent with the formulation of equations (4) and (5) since, at the beginning of the period, the worker is uncertain about her outside option if she receives a job offer.
Parametrization
We draw on standard parameters in the literature, auxiliary information on U.S. institutions and on our own calculations based on CPS data to select parameter values. For reasons that we explain below, we calibrate the parameters β , λ , φ P jointly to match three data moments. The other parameters are set externally. Table 2 summarizes our parameter choices. Throughout the analysis we interpret a period as one month.
4.1 Parameters set externally 4.1.1 Utility function We choose σ = 2.0, which is within the range of empirically plausible estimates of the coefficient of relative risk aversion (see Heathcote et al., 2009) . 15 For the relative value of leisure, η, we explored a range of values from low to high. For reasons explained below, we use an intermediate value of η = 0.50 as our benchmark. We discuss results based on η = 0.25 and η = 0.75 in Subsection 4.3 and in the online appendix.
Interest rate
The interest rate is set to 3.5 percent on an annual basis. This is in line with long-run averages of the real return on U.S. 10-year treasury note and is a standard value used in models of precautionary savings (see e.g. Gourinchas and Parker, 2002) .
Earnings and hours of work
The model allows for two normalizations: the time endowment h and full-time earnings w F . We set both parameter values to 1.0. We use CPS data on hours and earnings to pin down values for h F , h P and w P . For hours, we find that individuals in full-time (involuntary part-time) employment report 42 hours (24 hours) per week (Panel a. of Table 4 , online appendix). 16 Assuming that an individual has 7 × 14 = 98 hours of substitutable time per week, we set h F = 0.429 and h P = 0.245.
To pin down a value for w P , we estimate a part-time wage penalty, the reduction in hourly wages attributable to part-time work. 17 Using data come from the Outgoing Rotation Groups of the CPS, we find that the part-time wage penalty is generally around 15% (Panel b. of Table 4 , online appendix). We set w P = 0.485 such that w p/h P = 0.85 w F/h F .
Unemployment insurance
We use figures for the U.S. labour market reported in OECD (2007) to parametrize unemployment insurance and social assistance benefits. The average replacement ratios for these benefits are 45 and 5 percent, respectively, which dictates θ 1 = 0.45 and θ 0 = 0.05. φ is set to 0.167 to make the worker exhaust unemployment benefits after 26 weeks, in line with U.S. policies.
Transition probabilities
To pin down values for the matrix Π, we use labour market data for prime-age workers who are non-married and without children. These individuals are typically not eligible for EITC (cf. Subsection 2.2), which makes them a relevant empirical counterpart to the worker in our theoretical framework. Specifically, we use data as follows: (i) π F,P is set to the transition probability from full-time employment to involuntary part-time work, (ii) π P,F is set to the transition probability from involuntary part-time work to full-time employment at the same employer and (iii) π F,U (π P,U ) is set to the transition probability from full-time employment (involuntary part-time work) to unemployment. We provide details regarding the measurement of transition probabilities in Reallocation shocks: Estimated transition probabilities* π P,F 0.261 I → F at the same employer π F,P 0.011 
Parameters set internally
To pin down values for the remaining parameters, namely β , λ , φ P , our starting point is the following equation (where a is omitted to simplify the notation):
In this equation, W i is the value of employment in i ∈ {P, F}, and U j is the value of being unemployed with unemployment income θ j , with j ∈ {0, 1}, by the end of the model period. The right-hand side gives the expected returns to search effort in unemployment, and the left-hand side the marginal utility with respect to hours, h. The interior solution for search effort must satisfy this first-order condition.
In particular, equation (9) highlights that β , λ , φ P jointly determine the returns to search effort for a given set of values of the parameters selected in the previous section. 18 Guided by this structural equation, we use three moments of the time-invariant distribution of the model to calibrate β , λ and φ P . Notice that, due to the ergodic properties of Markov processes, we can interpret this distribution as the fraction of time that the worker spends in the different states of the model (labour market states and asset holdings).
Discount factor
We calibrate β such that the median ratio of wealth compared to annual income is 0.50. Over time the worker accumulates assets and sometimes runs down her financial wealth. We require that her median asset levels are worth one half of her annual income. 19
Job availability parameters
We calibrate λ and φ P to match an average (monthly) transition rate from unemployment to employment of 25.2%, and an average transition rate from uninsured unemployment to part-time work of 5.64%. The first target is the job-finding rate computed in our data, i.e. the monthly transition probability to employment among the prime-aged unemployed who are not married and without children. To be precise, transition probabilities from unemployment to full-time and part-time employment are 15.8% and 9.38%, respectively, which adds up to the target of 25.2%. 20 The other target, also computed from our data, is the observed transition probability from unemployment to involuntary part-time work (U → I). We use it as a target for transitions out of uninsured unemployment because, in our framework, this makes the worker resemble the unemployed who would take on a part-time job because they cannot find a full-time position.
Features of the model
Our calibration procedure yields: β = 0.9883, λ = 0.3781, φ P = 0.2218. Several features of the calibrated model give us confidence that we can use it to draw quantitative inferences. First, part-time work in the model is involuntary in that the value of full-time employment, W F , is higher than the value of part-time employment, W P , for the range of assets held by the worker over time. This outcome results from a combination of the disutility of work, lower earnings in part-time employment and the fact the worker is too impatient to accumulate enough assets to prefer part-time over full-time work. Second, the model predicts that the worker runs down her assets during spells of part-time employment. In models with precautionary savings, dissaving is typically associated with unemployment. Our framework also has this property, which is illustrated in Figure 4 , and justifies the comparison we draw between part-time work and unemployment.
The third, and perhaps more important reason why this framework is suitable for our purposes, is that it captures the risk of unemployment well. Indeed, Table 3 below shows that the drops in con-18 Of course, in principle all the parameters of the model can affect search effort since the lifetime values W i and U j are solved jointly with the policy functions, which include search effort. We emphasize equation (9) to explain why, after choosing values for the remaining parameters, it is relevant to calibrate β , λ , φ P jointly. 19 The ratio of wealth to annual income we select is slightly higher than in standard calibrations of incomplete-market models. This is motivated by the fact that our model does not allow borrowing. 20 See the online appendix. The job-finding rate in our data is low compared to usual estimates for the U.S. because the sample period covers 20 years that include the Great Recession and the ensuing sluggish recovery. In a previous version of this study, we excluded the Great Recession to target a higher job-finding rate. The results from the numerical experiments were not substantially different from those presented in Section 5. sumption experienced on losing a full-time job are similar to those observed in the data. For instance, when the relative value of leisure, η, is equal to 0.5, the predicted drop in insured unemployment is 8%, and the corresponding number in uninsured unemployment is 25%. Both numbers are remarkably close to those reported by Gruber (1997) : he reports a 6-8% decrease in the first case and a 22% decrease in the second scenario. Notes: An entry in the table is the change (reported in percent) in consumption after losing employment in a full-time position, when wealth at the time of displacement amounts to one quarter of annual earnings.
Notice that we obtain the figures in Table 3 by looking at the behaviour of the worker when her wealth at the time of job loss amounts to one quarter of annual earnings. We motivate this choice by studying empirically the amount of household wealth which is held in liquid assets, i.e. assets that can be liquidated on short notice and at a small transaction cost. In the online appendix we report that, in data from the Panel Study of Income Dynamics, liquid assets typically amount to one quarter of annual earnings. 21 This is the value that we use for our baseline results in the next section. In Section C.2 of the online appendix, we discuss how these results change when we vary the amount of wealth held by the worker at the time of job loss.
Numerical experiments
This section contains our quantitative results. In Subsection 5.1 we calculate the difference between the short-run welfare losses of displacement shocks from full-time employment to involuntary parttime work vs. unemployment, and decompose it into several components. In Subsection 5.2 we calculate the welfare losses of cyclical fluctuations in involuntary part-time risk.
We have checked that our main conclusions are robust to using different preference parameters and/or changing the assets held by individuals at the time of job displacement. The sensitivity analysis is provided in Section C.2 of the online appendix.
Short-run welfare costs of involuntary part-time work and unemployment
We use the calibrated model to answer the following questions: how much worse off is a full-time worker if she is displaced to unemployment instead of involuntary part-time work, and why?
Let U 1,t (U 4,t ) be a statistic measuring the welfare effect of involuntary part-time work (unemployment) t periods after displacement from full-time employment; we will explain momentarily how these statistics are calculated. To understand the source of differences between the two labour market risks, we consider a set of intermediary changes that make involuntary part-time work resemble unemployment incrementally. We decompose the difference according to the equation below:
That is, we attribute the total difference between spells of involuntary part-time work and unemployment to: a gap in labour earnings, a differential access to full-time work (which occurs only through search effort when unemployed), and a constraint in hours allocated to market activities. The experiment protocol is the following. Instead of just one worker, now we envision cohorts of workers whose preferences and behaviour are identical to that of the worker described so far. We study four cohorts of full-time workers, which we put respectively in the following states in the first period of observation: 22 23 1. part-time employment (the control group); 2. part-time employment earning benefits θ j (with j fixed to either 0 or 1 to indicate if the comparison is to uninsured or insured unemployment);
3. part-time employment earning benefits θ j and whose working hours h P are used to search for a full-time job (viz. we replace π P,F by λ (1 − φ P ) h P ); 4. unemployment.
All cohorts are followed for several periods and we keep track of their outcomes. Then, we use the model-generated data to compute the treatment effect of displacement from state 1 to state 2, state 3 and finally state 4. 24 The outcome variable is cross-sectional utility, which we express in terms of percentage change in consumption.
Measurement
The experiments rely on the comparison of cross-sectional utility across several cohorts of workers. These workers have identical preferences and they are homogeneous in assets at the time of the displacement shock. We follow them over a short period of time (our focus is on the first three quarters after displacement), and since there is only one full-time job, the model generates little dispersion in labour market trajectories and asset holdings within each cohort. Therefore we treat each cohort in any period as a representative worker. This allows us to present the results of the experiments using a small set of numbers, rather than reporting the treatment effects for all possible trajectories following the displacement shock. Consider for instance the comparison of cohorts in states 1 and 2, t periods after the shock. We measure cross-sectional utility, U k,t , in each cohort k ∈ {1, 2}. Let C k,t and H k,t denote consumption and leisure, respectively, of the representative worker (U k,t = U C k,t , H k,t ). The treatment effect ϑ t 1,2 we report satisfies:
For the class of utility function considered, this gives:
(12) 22 In the calculations of 2, 3 and 4, we re-compute optimal decisions after changing the parameters of the model. Therefore, the agents always take into account changes to the economic environment, which they interpret as permanent changes. We obtain qualitatively similar results if we keep the policy functions unchanged from the baseline calibration and introduce an unexpected, one-off change in earnings, hours and transitions from part-time employment to full-time employment.
Next, consider the cohorts in states 1, 2 and 3. Since ϑ t 2,3 satisfies an equation similar to (12), we can show that:
Therefore, ϑ t 1,3 ≈ ϑ t 1,2 + ϑ t 2,3 is valid as a first-order approximation of this equation. Using this result, we can write:
This last equation provides a simple way to operationalize the decomposition presented in equation (10). In practice, the approximation is highly accurate, which can be gauged by comparing column 4 to the sum of columns 1 to 3 in Table 4 below.
Results
The main results are displayed in Table 4 . An entry in each panel of the table is the treatment effect of reducing labour earnings in part-time employment (column 1), changing the role of hours h P from work to search (column 2), removing the constraint on hours worked (column 3), and finally the cumulated sum of these effects (column 4). The effects are reported as averages over each quarter (up to the third quarter) following the displacement shock. Consider first the number displayed in column 4 of the first row in panel 1. If workers were reallocated to insured unemployment instead of part-time work, their consumption during the first quarter would need to be raised by 7.63% to compensate them. The number is larger in uninsured unemployment (panel 2), as their consumption would need to be increased by 23.3%. Both numbers are plausible given the observed drop in consumption during unemployment (cf. Subsection 4.3). These effects vanish as we move to the second and third quarters after displacement. This is due to the fast dynamics of the U.S. labour market, which informs our calibration: after one quarter, the majority of workers from the control group have returned to full-time work, and a large fraction of workers from the treated group have also returned to full-time employment. Next, when analyzing columns 1, 2 and 3, we note that 'access to full-time employment' (column 2) plays an important role in all instances. To understand this finding, note that λ (1 − φ P ) h P = 0.378 × (1.0 − 0.222) × 0.245 = 0.072 is the (exogenous) transition probability to full-time work that the worker would face during part-time employment if her hours h P were used for the purpose of search instead of work. This ought to be compared with the probability π P,F = 0.261, which is almost four times larger. We interpret the discrepancy between π P,F and the transition rate to full-time work implied by h P as the premium in access to full-time work faced by involuntary part-time workers. As shown in Table 4 , it has important welfare implications: removing the premium associated to π P,F amounts to a loss of 6-9% in consumption during the first quarter of a spell of involuntary part-time employment. In Section 6 we elaborate further the interpretation of this result, which is a robust prediction of our analysis.
The results displayed in columns 1 and 3 are somewhat more mechanical. The negative effects of reducing earnings in part-time employment to equate them to benefits θ j are larger when we consider uninsured unemployment. The effects of removing the constraint on hours supplied to the labour market are positive, not negligible during the first quarter and they vanish quickly. 25
Welfare costs of cyclical fluctuations in involuntary part-time risk
In this section we aim to answer the following question: how large are the welfare costs of fluctuations in consumption propelled by the cyclicality in involuntary part-time risk? To answer it, we adopt a standard approach in the macroeconomic literature, and measure welfare losses by comparing the worker's lifetime utility in an environment where transition probabilities between part-time and fulltime co-move with the cycle (as observed in the data) with an environment in which the latter are constant. Since we are measuring the effect of a permanent change to the economic environment, the relevant metric is the worker's lifetime utility (expressed in consumption terms). We introduce cyclical fluctuations in our framework by means of a latent, aggregate state variable (see Krusell et al., 2009) , namely
So, the economy is either in a bad (z b ) or in a good state (z g ). As in Krusell et al. (2016) we assume that z is governed by a symmetric Markov process with parameter ρ z , and we use: ρ z = 0.975. We let the business cycle affect matrix Π (cf. equation (2)) as follows: π F,P (z) =π F,P (1 + ε F,P ) (= π F,P (1 − ε F,P )) if z = z b (if z = z g ), and π P,F (z) =π P,F (1 − ε P,F ) (=π P,F (1 + ε P,F )) if z = z b (if z = z g ). The variables denoted with an upper bar (·) refer to the baseline values reported in Table  2 . According to this construct, the business cycle consists of cyclical changes in π F,P and π P,F , the variance of which is controlled by the parameters ε F,P and ε P,F . The experiment is as follows. First, we solve the model using: ε F,P = 0 and ε P,F = 0.05 to reproduce 'normal' times. 26 We then recalculate value functions for different combinations of ε F,P and ε P,F that reproduce the cyclical deviations in π F,P and π P,F observed in the data at business-cycle frequencies. Finally, we tabulate the change in lifetime consumption triggered by these deviations relative to normal times. 27 Table 5 . Welfare effects of an increase in the cyclical risk of involuntary part-time work Deviations around:
1.π F,P = 0.011 2.π F,P = 0.022 ε F,P = 0.20 ε F,P = 0.40 ε F,P = 0.20 ε F,P = 0.40 π P,F = 0.261
(1) The results are displayed in Table 5 . Since the welfare figures are computed over the whole range of assets held by the worker over time, in the table we report their lower and upper bounds. We consider the effects of deviations around a steady-state value ofπ F,P of 1% in Panel 1, and a steady-state value of 2% in Panel 2. Indeed, these seem to capture the U.S. labour market experience respectively before and after the Great Recession.
The main findings are twofold. First, the negative correlation between π P,F and π F,P is quantitatively important to generate welfare losses from involuntary part-time work. In recessions, the probability of working part-time involuntarily rises, but the welfare implications would be negligible if the probability of returning to full-time work were to remain unaltered. This finding echoes the result that 'access to full-time employment' is paramount to understand the welfare effects of involuntary part-time work. Second, though fluctuations in involuntary part-time work entail welfare losses, they are much lower than the losses from business-cycle fluctuations in unemployment tabulated in the literature -which are in the vicinity of 1% in consumption equivalents (see Krusell et al., 2009 ). In the most extreme scenario in Table 5 , the effect amounts to one-sixth of a percentage point of lifetime consumption (Panel 2, ε F,P = 0.15, ε P,F = 0.40). This corroborates the conclusion based on the baseline model, that the welfare costs of involuntary part-time work are low relative to those of unemployment.
Concluding remarks
In this paper, we analyze the short-run welfare implications of spells of involuntary part-time work. The contribution is twofold. First, we provide empirical evidence on the (limited) availability and extent of public insurance against this labour market risk. Second, we use this evidence and other facts on involuntary part-time work to inform an incomplete-market, job-search model featuring spells of involuntary part-time work and unemployment. Our main finding is that spells of involuntary parttime work entail lower welfare losses compared to unemployment spells, and that this difference is largely accounted for by the higher probability of returning to full-time work enjoyed by parttime workers. When we consider aggregate shocks, we find that the welfare losses associated with cyclical fluctuations in involuntary part-time risk are considerably smaller relative to those entailed by fluctuations in unemployment risk.
In our welfare calculations, the key difference between unemployment and involuntary part-time work is the high probability of workers in the latter state to return to full-time employment. While the unemployed need to exert search effort to generate full-time employment offers, involuntary part-time workers face a positive probability to return to full-time employment without making any such effort. This feature is motivated by the observation that the vast majority of transitions between part-time and full-time work occur at the same employer (fact 3.2 in Section 2). We interpret it as capturing an alternative reallocation channel compared to job search. In other words, if involuntary part-time workers used the same search technology to return to full-time work as the unemployed, they would move less quickly (and/or they would need to exert higher search effort to maintain a high transition rate) and would suffer larger decreases in consumption.
While for the purpose of our analysis it is useful to isolate these two reallocation channels, that distinction may not be so clear-cut in actual employment relationships. Though small, a fraction of unemployed workers are on temporary layoff. In light of our model, workers in this state are possibly even better off than those in involuntary part-time work, insofar as they face a high probability to return to full-time work but need not provide any working hours. In practice, however, these distinctions are difficult to make. Fujita and Moscarini (2016) document that a non-trivial share of unemployed workers who are not on temporary layoff are recalled by their previous employer. Since we cannot fully address this question (the lack of job identifiers in the CPS does not allow us to identify recalls), we prefer to set it aside and treat all unemployed workers in the same fashion. Future research could refine our estimates by exploring empirically and theoretically these alternative reallocation channels.
Finally, we want to emphasize that our conclusions on the welfare costs of involuntary part-time work relative to unemployment are based on existing policies. Given the much higher costs associated with unemployment that we estimate, this suggests no immediate change to existing policies is warranted. However, if (as the recent literature suggests) involuntary part-time risk has indeed permanently increased and can continue to rise in the future, understanding the key trade-offs faced in the optimal provision of public insurance against this risk seems an important endeavour. A key ingredient of that analysis, we think, is a better understanding of the trade-off faced by employers between reallocation to part-time work and lay-offs. This would allow one to consider the general equilibrium effects of current policies and, by extension, their impact on macroeconomic aggregates like employment, consumption and productivity.
